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This talk will present recent results from ground-based resézarch to support the “Physics

of Colloids in Space” project which is scheduled to fly in the ISS approximately one year
from now. In addition, results supporting future planned flights will be discussed.

NASA/CP—2000-210470 252



pH!L» Sea e pggg;; MUALTIVIE
LA CIPRULETT) MORTPEWIEI.

Couonac cevsracs 5 Bty AT

*’-*Iuvamm ¢

wa,ma /Pm_‘!,«w, {‘/2 Rk ,w‘z(;z S

 SeATTERMWA
 MICROSCopy

NASA/CP—2000-210470 253



v <

PAUL CHALRID SCIEWCE



rotating
Mirrors

screen with
laser pinhole

\Mmmwi‘s}

L, microscope

£

t
i
£
£
i

© NASA/CP—2000-210470 | s



Scan many slices, 0
reconstruct 3D H
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Microscopy and Tracking

Microscopy:

3() images/s (512x480 pixels, 2D)
mmp *one 3D “cube” per 6 s
67 x 63 x14 um?
*100x 01l / 1.4 N.A. objective
eIdentify particles within 0.03 pm (xy)
0.05 um (z2)

Particle tracking:

eFollow 3000-5000 particles, in 3D
«200- 1000 time steps = hours to days
o~ 4 GB of images per experiment
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emade by Andrew Schofield (Edinburgh)

fluorescent (Andrew Levitt, U. Penn)

density matching solvent

3D samples: look >30 pm from wall
(>10 diameters)

(not to scale)
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«2.3 nm diameter PMMA colloids
«density matched solvent

sact like hard spheres
scquilibrium is random HCP

«confocal microscopy to take 3D pictures
look 30 um in from cover shp

3D reconstruction
from many 2D shices
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Brownian Motion

(2 um particles, dilute sample)
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NASA/CP—2000-210470 260



Diffusion: dilute samples

Mean square displacement:
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Displacement distribution function:
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Mean square displacement

Volume fraction ¢=0.35
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Cage trapping:

cages
E

137

«Short times: particles stuck in
«Long times: cages rearrange

NASA/CP—2000-210470 263



¥
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Displacement distribution function

Volume fraction 0=0.33,

“supercooled fluid
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Time scale:

Ar*  when nongaussian

1 parameter o,

bar g‘fﬁ%i

Length scale:
¥ on average, 5% of particles have
Ar(Ar) > Ag*‘*

top 5% = tails
of Ax distribution

P( )

fnefl 83 supercooied Nund)
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Number N, of fast neighbors 1o a

fast particle:
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Dynamical Heterogeneity:
possible dynamic length scale

NMR experiments:
Q"‘Mw { 5*1}%3% g’@ﬁ%} miff‘%é

«Schmidt-Rohr &

# { ane. Johnson,

*Sillescu et af i%i‘i};?i% i;}wéﬁ?g‘ 3“1%3

Photobleaching:

L ICOTONe & B

Simulations:
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Nucleation and Growth of Colloidal Crystais
by Small Angle Light Scattering
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Local crystallization
order parameter:

P. R.ten Wolde, M. J. Ruiz-Montero,
D. Frenkel: J. Chem. Phys. 104, 9932 (1990)

o[ennard-Jones simulation

«Find nearest neighbor
connections r;,

*f{mgi wﬁi’miz@g <in

qu(z ) (YI;;;(f )

sbxamine /=6
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" local bond order parameters
Qim() =1/ N, Z}(ﬁ n.) Yim(rij)

~ rotationally invariant

m

al) = [ 4n/@e) T [ ]
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Polystyrene polymer, rgm37 nm
iy ,

PMMA spheres, r, =350 nm

~ Depletion attraction
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,_ B (image is
R 20 diameters
thick)

thick)
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; ' g UB5E,T
e U1 1A RT

>3 4fs 6 7 8 910
numbef of bonds, n,

U=5.1k,T

¢=003
R.=0.35 um
images are 2 pum thick
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Gel morphology - chains

e Define chain, determine
its length

e Find particles in chain
(red)

! e Shortest-path length, L
' eL=2.3xR
(for all samples,
U=S5-11 kgT)

J= 114 kT
© 5 10 15 20 25 30

R (pm)

o Chemical dimension, N, oc Rdchem
e measured d .., = 1.0 £.1
e Chain cross section = N /(Lxsphere diameter)
e 1.5 particles (U= 5.6 k3T)
e 1.0 particles (U= 11.4 kgT)
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